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ABSTRACT 
Solar X-ray, extreme u l t r a v i o l e t ,  Ha and rad io  emission were studied 
t o  determine what so l a r  rad ia t ion  i s  bes t  su i ted  fo r  an automatic f l a r e  
alarm system aboard a sa t e l - l i t e  f o r  the  detect ion of the  s t a r t  of a 
so la r  f l a r e .  
so la r  rad io  burs t s ,  and f lashes  a t  ce r t a in  E W  wavelengths usual ly  have 
f a s t e r  r i s e  times and peak e a r l i e r  than s o f t  X-rays i n  the  2-16 k range, 
t he  data  ava i lab le  t o  date show t h a t  on the  average the s t a r t  time of 
t he  2-16 X-rays occurs e a r l i e r  than the  s t a r t  times f o r  these other 
Although hard X-rays (A << 1 A > ,  centimeter-wavelength 
types of da ta .  The ea r ly  s t a r t  times and large percentage increase of 
2-16 A X-rays make t h i s  rad ia t ion  the  bes t  su i ted  fo r  the  automatic 
detect ion of so la r  f l a r e s  f o r  t he  present s t a t e  of the  a r t  of so l a r  
rad ia t ion  measurements. 
E% WORDS 
Extreme u l t r av io l e t  
H- Alpha 
vi 
EARLY DETECTION OF A SOLAR FLARE 
SOLAR RADIO EMISSION FROM SOLAR FLARES 
A STUDY OF X-RAY, EXTREZI/IE ULTRAVIOLET, H-ALPHA, AND 
by 
R .  F. Donnelly 
I. INTRODUCTION 
The study reported here originated from a question t h a t  arose from 
NkSA's manned Apollo-Telescope-Mount (ATM) program. 
so la r  observatory, it was planned to use X-ray measurements t o  de tec t  
so la r  f l a r e s  of Ka! importance 2 1 ( M r .  A r t  White, MSA, Huntsvil le,  p r i -  
va te  comunicat ion) ,  i n  order to s t a r t  high t ime-resolution measurements 
of the  f l a r e .  
would improve t h e  detect ion of so la r  f l a r e s  a t  t he  e a r l i e s t  possible  
moment?" This question i n  tu rn  led  t o  many other questions,  some of 
which a r e  shown i n  f igure  1 along with an indicat ion of the  data used t o  
answer t h e  questions.  
In  the ATM orb i t ing  
The question was "Are there  any other measurements t h a t  
- -- - .  - .. I . -  . 
A L L ~  A C ~ U L ~ ~  UL uie cuiiipdiibuii UI b u l b  diixi-Liie-iaci, i i a i e  Gaia are 
discussed i n  sect ion 2 .  The qua l i f i ca t ion  "af ter- the-fact"  i s  important. 
It r e f e r s  t o  the  f a c t  t h a t  t he  data were timed a f t e r  t he  f l a r e  had occurred. 
The "af ter- the-fact"  s t a r t  time therefore  would tend t o  precede the  time 
when any p r a c t i c a l  f l a r e  alarm system would be s e t  o f f .  This should be 
kept i n  mind when reading sect ion 2 .  
In  sec t ion  3, the  r e s u l t s  of an analysis  of Explorer-30 X-ray f l a r e  
data using digital-computer simulation of the  present ly  planned X-ray a 
alarm system are  discussed. 
evaluation of t h e  planned alarm system but  a l s o  some information on the 
t i m e  
flare alarm vas s e t  o f f .  
T h i s  analysis  provided not only a coarse 
delay between t h e  a f t e r - the - f ac t  start  time and t h e  time when t h e  
2 
2 .  CONPARISON OF AFTER-TKE-FACT X-RAY, SOLAR RADIO, 
Ha, AND EXTREME ULTRAVIOIJ3T FLARE RADIATION 
2 . 1  Sources of Data 
Published X-ray data  from severa l  d i f f e r e n t  s a t e l l i t e s  l i s t e d  i n  
table  1 were used i n  order t o  increase the  number of events i n  our study 
and t o  avoid forming conclusions t h a t  might be influenced by biases  i n  the  
instrumentation or  data  processing techniques of any one s a t e l l i t e  experi-  
ment. 
which appear t o  be s l i g h t l y  incomplete and contain a few e r ro r s ;  but these 
a re  minor problems t h a t  a r e  believed not t o  have influenced the  main r e -  
s u l t s  of t h i s  study. The timing accuracy given i n  t ab le  1 f o r  the ava i l -  
able X-ray data  was c e r t a i n l y  less than des i red .  
The da ta  reported i n  Solar  Geophysical Data a re  preliminary repor t s ,  
The HCY f l a r e  data  s tudied were those published i n  Solar Geophysical 
e_l Data ( S a .  The use of Hcu data  i s  somewhat subject ive since t h e  repor t s  
from d i f f e r e n t  observator ies  a re  of ten i n  disagreement and the weighting 
and averaging of the  d i f f e r e n t  r epor t s  i s  not a simple one. The f a u l t s  
i n  Ha f l a r e  r epor t s  discussed by Warwick (1965). Sawyer (?a“), 
? ~ r 7  flec7c~z::: (19%) h v t .  nur;-Deen removed from the  present  study) but  t h e i r  
possible  inf luence on t h e  r e s u l t s  w i l l  be discussed l a t e r .  Hopefully, t he  
qua l i t y  of the K-alpha observations used i n  t h i s  s tudy may be s l i g h t l y  
b e t t e r  than t h e  e a r l i e r  data  considered i n  the  papers c i t e d  above a s  a 
r e s u l t  of their  c r i t i c i s m ,  
Ec”,,sr, 
The s o l a r  r a d i o  data  used i n  t h i s  study a re  a l s o  from SGD. Since -
t he  r ad io  observator ies  t h a t  repor t  t h e i r  data  i n  SGD a re  located i n  the  
cont inental  United S t a t e s ,  Canada, and Argentina, only t h e  1200 t o  2400 UT 
period is  well represented.  
numerous types of events ,  the  present  study i s  only concerned with whether 
any type of r a d i o  event was observed f o r  a p a r t i c u l a r  f l a r e  and what t he  
e a r l i e s t  s t a r t  time was of t h e  associated r ad io  events .  
-
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2.2  Intercomparison of Soft  X-Ray Data 
According t o  D r .  L. Van Speybroecli of American Science and Engineering 
the  ATM X-ray alarm w i l l  u t i l i z e  about 1-8 a measurements. 
the  normalized r e l a t ive  wavelength response of t he  radiat ion detectors  
corresponding t o  the  various X-ray data  involved i n  the  present study. 
Clearly the  0.5-3 A and 44-60 A Explorer-30 data ,  t he  OGQ data ,  and the  
Vela 0.5-5 k data  cannot be considered t o  be representat ive of the  1-8 A 
X-ray measurements proposed f o r  the  ATM alarm system; these data w i l l  be 
used f o r  other  purposes. 
Explorer 33, and 8-16 OSO-3 data  on the  other hand w i l l  be assumed t o  
have cha rac t e r i s t i c s  about the same as the  1-8 A ATM alarm measurements 
w i l l  have. The Explorer 30, Explorer 33, and OSO-3 X-ray data were 
examined for f l a r e s  when any two of these s a t e l l i t e s  made X-ray observa- 
t i ons  t o  f i n d  out whether t he  observations from each s a t e l l i t e  were con- 
s i s t e n t  wi th  t h e  observations f rom the  other s a t e l l i t e s .  
Figure 2 shoxlrs 
The 1-8 1 and 8-16 Explorer-30, 2-12 1 
Only 13 f l a r e s  were found when both Explorer 33 and OSO-3 made 
Y-7n-r nhcerrrr=i-innc? Tn earh cncp hoth P y w r i m P n t P r s  r e y n r t p d  X - r a y  
- - "  _ _  
f l a r e s ,  b u t  the timing w a s  only i n  fair  agreement. The average difference 
i n  start  t i m e s  w a s  about 0.8 min ( w i t h  a ra ther  large s tandard deviation 
u of 4.8 min), 
10.4 min). 
ceded the Explorer 33 timing on the  average. Some of the differences 
i n  timing cou3d very w e l l  be due t o  the differences i n  t h e i r  r e l a t i v e  
wavelength responses, coupled with the time dependence of the flare 
rad ia t ion  varying over the  2-16 A range. 
The average difference i n  peak times w a s  1.5 min (0 = 
I n  both the start and maximum timing, the OSO-3 timing pre- 
The Explorer 33 and 30 data were examined t o  learn  how wel l  the 
occurrence of reported X-ray f l a r e s  agreed when both s a t e l l i t e s  made ob- 
servations,  There were 25 cases when the ot-isemation period of Explorer 
30 overlapped by a minute or  more the start-to-maximum t i m e  of the X-ray 
flares reported from Explorer 33. 
reported as outstanding events i n  the Explorer 30 data. The reverse 
comparison shows t h a t  a l a rge  percentage of Explorer 30 outstanding events 
Of these f e w  cases, 84 percent were 
7 
occurred when Explorer 33 d i d  not report  an X-ray f l a r e  
vations" was not  repor ted) .  
with a flux grea te r  than o r  equal t o  400 percent were reported from 
the Explorer 33 data. Also, the report ing of sho r t  periods of no s o l a r  
X-ray observations appeared t o  be incomplete fo r  t h e  Explorer 33 data .  
(when "no obser- 
This was expected s ince only X-ray f l a r e s  
Similarly,  89 percent of the cases when Explorer 30 made X-ray 
observations when OSO-3 observed an X-ray flare were report.ed as an out- 
standing event i n  the Explorer 30 data. Conversely, 50 percent of the 
outstanding Explorer 30 events t h a t  occurred when OSO-3 made X-ray mea-  
surements were reported as an outstanding event i n  the OSO-3 data. In  
conclusion,it appears t h a t  smaller X-ray flares were reported from the 
Explorer 30 data  than from the OSO-3 and Explorer 33 data. These three 
s e t s  of da t a  appear t o  be i n  good agreement on the occurrence of X-ray 
enhancemnts 2- 0.005 ergs cme2 sec -I when observations were being made. 
2.3 Start-to-Maximum Time and In t ens i ty  
of Soft  X-Ray Flares  
-. .. . _  , _.. I ..- I . * I  , I  
J L ~ L L L C  3 aiiuwo but: ~ a b i l r ; ~  ap~czaG-uub u i i ) b L I u u b I u i i  uL ubaI ~ - b u - u a ~ L ; I u u i  
times f o r  t he  X-ray f l a r e s  observed by Explorer 33 and OSO-3. A few 
events with very large start-to-xaximum times a r e  probably composed of 
several  superimposed X-ray f l a r e s  since severa l  IJa f l a r e s  were reported 
during these events. The d i s t r ibu t ion  curves show t h a t  the  s o f t  X-ray 
start-to-maximum times a re  c lustered mainly i n  the 3-18 min range. 
According t o  Sengupta and Van Allen (1968) t h e  r i s i n g  port ion of the  
Explorer 33 X-ray observations can be reasonably we l l  f i t  with a function 
of the  form 1 - exp(-t/T, ),where 7, var i e s  from f l a r e  t o  f l a r e  but  i s  
typ ica l ly  about 5 min. 
Figure 4 shows t h a t  most of t h e  reported X-ray f l a r e s  a re  ra ther  
small and t h a t  the  published l i s t  of OSO-3 outstanding events includes 
qui te  a few events smaller than reported fo r  Explorer 33. 
X-ray f l a r e s  observed appears t o  be roughly inversely proportional t o  the  
r a t i o  of t he  peak X-ray f l u x  t o  the  p re f l a re  f l u x  f o r  f l a r e  enhancements 
The number of 
a 
I 1 I I 
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80 
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Figure 4. Distribution of the i n t e n s i t y  of X-ray f l a r e s .  
10 
above the  mini.mum reported values.  An average of the  flux increases fo r  
the  f l a r e s  reported for a pa r t i cu la r  s a t e l l i t e  would be s t rongly dependent 
on the m i a i m u m  s i ze  reported and, therefore ,  would not be too  meaningful. 
2.4 Coaparison of Occurrence of Soft  X-Rays and Hor Flares  
F i g w e  5 shows (1) t h a t  most of the  X-ray f l a r e s  reported from the  
Explorer 33 data for  which t h e  HCY f l a r e  was unambiguously" iden t i f i ed  a re  
accompanied by 13-alpha f l a r e s  of importance 1 and grea te r ;  and (2)  t h a t  
nearly a l l  of these have e i t h e r  normal or br ight  i n t e n s i t i e s .  These trends 
a re  s t ronger  f o r  the  la rger  X-ray f l a r e s  with an increased tendency towards 
the f l a r e  in t ens i ty  being br ight  ra ther  than normal. The OSO-3 data i n  
f igu res  6 ,  7,and 8 a l s o  show t h a t  these r e s u l t s  a re  a function of the 
in t ens i ty  of the  X-ray f l a r e .  
For %be Explorer 30 outstanding X-ray events about 20 percent 
were not  accompanied by a reported Rcy f l a r e ,  Most of these occurred 
when "no f l a r e  patrol"  w a s  not reported. 
of the 80 percent w i t h  reported Ror flares, 
Figure 9 shows the d i s t r ibu t ion  
The results i n  f igure  9 a re  
consistenf; w i t h  the clependence on the X-ray Ylare in t ens i ty  round i n  
f igures  5-8, and w i t h  the  conclusion i n  sec t ion  2.2 that the reported 
Explorer 30 outstanding events include smaller X-ray flares than the 
Explorer 33 and OSO-3 l i s t s  of X-ray flares. 
Figure 10 shows the  associat ion of OSO-3 s o f t  X-ray f l a r e s  with HOl 
f l a r e s  a s  a function of importance and in t ens i ty .  Considering the  X-ray 
f l a r e  i n t e n s i t y  dependence found i n  f igures  5-8, the r e s u l t s  i n  f i g w e  10 
*Twenty-six percent of the EQlorer 33 X-ray f l a r e s  were excluded from 
the d a t a  used i n  f igure  5 because the Kru f l a r e  w a s  not unambiguously 
ident i f ied .  These included some events where "no flare pa t ro l "  w a s  
reported, some when no & f l a r e s  were reported and "no flare p a t r o l "  
w a s  not  reported, some where several  flares occurred during the X-ray 
flare, and some where the H& f l a r e  reports  from d i f f e ren t  observatories 
for the  s a m e  flare were too much i n  disagreement t o  support a simple 
consensus of the reports.  Sengupta and Van Allen (1968) report  t h a t  
every Explorer 33 X-ray flare of peak in t ens i ty  g rea t e r  than 3.0 x l o4  
ergs ern- see  i n  the 2-12 a range w a s  accompanied by an H a  flare. 
11 
Total 
Flare intensity Flare Importance 
For X-Ray Flores w i t h  (pm,,/$o 14 
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Figure 5 .  Distribution of Explorer 33 X-ray flares as a function 
of Ha importance and intensity. 
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For X-Ray Fiares with A@s-,si  > 0.002 ergs cme2 sec - '  
Flare Intensity Flare importance 
For X-Ray Flares with A@8-,, > 0.025 ergs cm-2 sec-1 
Figure 6. Dis t r ibu t ion  of oso-3 outstanding X-ray f l a r e s  as a funct ion 
of Ha importance and in tens i ty .  
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Figure 7. Distribution of X-ray f lux  enhancement as a function 
of Ha importance and i n t ens i ty .  
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Figure 10. The associat ion of s o f t  X-ray f l a r e s  with E6r 
f l a r e s  a s  a function of Ih. importance and 
in t ens i ty .  
are  undoubtedly dependent on t h e  m i n i m u m  s i z e  of X-ray enhancement reported 
a s  an event .  There i s  a t rend  toward an Ha f l a r e  having an increasing 
l ikelihood of being accompanied by an X-ray f l a r e  f o r  increasing Ha impor- 
tance and in t ens i ty .  This t r end  %7as a l s o  evident from the  Explorer 30 
data,  
accorapanied by OSO-3 X-ray enhancements g r e a t e r  than 0.002 ergs cm-a sec- l ;  
if f a i n t  i n t e n s i t y  flares a r e  exclud-ed the rate i s  up t o  about 73 percent. 
Dcdsan and Hedeman (1968) have reported t h a t  three-fourths of t he  f l a r e s  
during t h e  IQSY reported i n  t h e  Quar te r ly  Bu l l e t in  on Solar Act iv i ty  a s  
€ICY importance 1 or g rea t e r  would not have been r a t ed  with such a high 
importance i f  a l l  of t h e  ava i lab le  f l a r e  p a t r o l  data had been ca re fu l ly  
scru t in ized .  If t h e  overrated data  were removed from t h e  present study, 
the percentage of €b f l a r e s  of importance 1 or grea ter  which a r e  accom- 
panied by reported X-ray enhancements would probably be much grea te r  
than 69 percent, 
which were reported to be of importance 1 or g rea t e r  and were not accom- 
panied by a reported X-ray event even though X-ray measurements were being 
made, were cases where only one observatory reported t h e  f l a r e .  Usually 
About 69 percent of the  &‘flares of importance 1 or grea te r  a r e  
Indeed, many of the flares encountered i n  th l s  study, 
LL-..- --,-....- ‘^L ,....-- * ”Ap-“:-- 1 ---- 2,- _^^_.. &-L:-.- -4. ,.?-----La.-.- Ala-  TT,, .Ol”-.,. U L l L U L  W L L L  W Y O L I V U U V L L L U  I I U V L 1 1 6  U .LLpuuc*uJ-Un u.L V Y L I I C L U l L l t j  U I L L  LQ* A A U I L  
importance. 
2.5 Solar Radio Emission 
Perhaps the  b e s t  contender with X-ray data  f o r  automatic detec- 
t i o n  of t he  s t a r t  of a so la r  f l a r e  is  t h e  s o l a r  r ad io  emission a t  cen t i -  
meter wavelengths or shor t e r .  Solar  r ad io  bursts have r ap id  r i s e  times; 
they usua l ly  occur e a r l y  i n  t h e  f l a r e ;  and t h e  percentage increase i n  the  
r ad io  flux i s  f a i r l y  high. 
matic de tec t ion  systems. 
of r ad io  bu r s t s  a s  a function of transmission frequency. 
the r ad io  bu r s t s  a t  a l l  of t he  frequencies shown have start-to-maximum 
times less than 1.5 min, Hence the rad io  bu r s t s  have start-to-maxiam 
t ims t h a t  a r e  much s h o r t e r  than the s o f t  X-ray d a t a  i n  f igu re  3. One 
possible  reason f o r  this i s  that the start-to-maximum times f o r  both 
A l l  of these f a c t o r s  a r e  des i rab le  f o r  auto- 
Figure 11 shows t h e  d i s t r i b u t i o n  i n  r i s e  times 
About half  of 
18 
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the  slow r i se-and-fa l l  and f a s t  so la r  rad io  bu r s t s  a r e  of ten reported f o r  
t he  same event ,  whereas the s o f t  X-ray enhancements a r e  each reported a s  
one event. Hoxever, t h i s  i s  not the  main reason. The s o f t  X-ray enhance- 
ments I have examined do not ha,ve such d i s t i n c t  par t s ,  a t  least f o r  wave- 
lengths grea te r  than 2 A .  
r i s e  during t h e  f a s t  so la r  rad io  burs t s .  Neupert e t  a l .  (1967) found 
daring a f l a r e  of importance 2b t h a t  the  X-ray emission l i n e s  f o r  the  
highest s tages  of ionizat ion (Fe XXlV - Fe XXV) increased most rap id ly  a t  
the  onset of the  f l a r e ,  while t he  lower stages of ionizat ion (Fe XVII - 
Fe XX> were observed l a t e r  i n  the  event.  
s o f t  X-ray range do have a f a s t  component corresponding t o  the  f a s t  so la r  
radio bu r s t s ,  but t he  ne t  r ad ia t ion  observed by a broad-band s o f t  X-ray 
detector a t  X > 2 1 does not .  
contain f a s t  burs t s  c losely associated with the  centimeter wavelength 
so la r  r ad io  bu r s t s ,  a t  l e a s t  fo r  t h e  f i r s t  such rad io  burs t  of t h e  f l a r e  
(Arnoldy, e t  a l . ,  1968a)I. 
have much shor t e r  start-to-maximum times (0.2-2 min) than do the  broad- 
band s o f t  X-ray measurements (3-18 min), 
They seem t o  have a t  most a period of f a s t e r  
Perhaps ce r t a in  l i n e s  i n  the  
[The hard X-ray observations ( h  < 11) do 
In conclusion, t he  so la r  rad io  burs t s  generally 
In  sec t ion  2.4, it was i u u r ~ r i  iilai &LGG~, 59 i;z;.ce;;t cf the  c s ~ z r  ?;-res 
of Ha importance 1 or grea te r  t h a t  occurred when OSO-3 made measurements 
were accompanied by a reported X-ray enhancement. The flares not detected 
by X-rays w e r e  examined t o  determine whether they could have been detected 
by so la r  radio measurements. Only 10 percent of the  f l a r e s  not detected by 
X-rays w e r e  accompanied by so la r  radio bursts  reported i n  Solar  Geophysical 
c_- Data (SGD), and these cases were on ly  importance 1 flares with very small 
radio bursts .  
count, it appears t ha t  a t  bes t  the percentage of flare of &importance 1' 
or grea te r  t h a t  would be detected could increase from 69 percent t o  about 
79 percent  i f  very sens i t ive  so l a r  radio measurements were made i n  addi t ion 
t o  the s o f t  X-ray measurements. The flares added i n  this way would not be 
the most des i rab le  ones. This same increase could probably be j u s t  as 
Taking the observation t i m e  bias of the - SGD da ta  i n t o  ac- 
eas i ly  achieved by improvhg the s o f t  X-ray measurements. 
f igure  6, the  number of subflares  detected would probably 
Considering 
a l s o  increase. 
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It should be remembered, however, t h a t  the  OSO-3 l is t  of outstanding X-ray 
f l a r e s  includes f a i r l y  small events.  If the  ATM X-ray f l a r e  alarm system 
were f a i r l y  in sens i t i ve  s o  t h a t  it could not de tec t  many of t h e  OSO-3 
reported X-ray f l a r e s ,  then- the  advantage of adding so la r  rad io  measure- 
menks would undoubtedly be increased. 
2.6 Comparison of Timing of Soft  X-ray Enhancements, 
Solar  Radio B u r s t s ,  and Ha Flares  
The maximum so la r  r ad io  emission and maximum €I& emission usual ly  precede 
the  maximum of t h e  s o f t  X-ray enhancement by severa l  minutes, a s  i s  evi-  
dent f r o m  f igu res  12 and 13. Hence the  so la r  rad io  burs t s  not only have 
f a s t  start-to-maximum times but  they a l s o  occur e a r l y  i n  the  r i s i n g  por- 
t i o n  of the s o f t  X-ray f l a r e .  These f a c t s  make so la r  rad io  emission seem 
t 3  be very su i t ab le  f o r  t h e  ea r ly  detect ion of so l a r  f l a r e s .  On the  other 
hand, f i g u r e s  14 and 15  show 
X-ray enhancements precede the  reported s t a r t  times of t h e  so la r  rad io  
burs t s  on t h e  average, a s  has been pointed out by Teske (1968~1 and b ) .  
'I'hus. it appears znat  SOIT; ~ - r a ; y  measur.eiiieriw art: y u l c ~ ~ ~ . ~ s a ~ ~ y  uc UCC, L, 
f o r  t h e  ve ry  e a r l y  de tec t ion  of so la r  f l a r e s .  
t h a t  t he  reported s t a r t  times f o r  the  s o f t  
. . _ _  .. . , 
Reported s t a r t  times depend not only on t h e  ac tua l  s t a r t  of t he  
event but also on the signal-to-noise r a t i o ,  the way t h e  d a t a  a r e  recorded, 
and the  way t h e y  are processed. Figure 16 i l lustrates  some of these d i f f i -  
c u l t i e s .  The noise  includes noise f romthe  e lec t ronics  of the  rad ia t ion  
de tec t ion  system as wel l  a s  any nonsolar s igna ls .  
response of an -X-ray detector  t o  p a r t i c l e s  t h a t  co l l ide  with the  s a t e l l i t e  
would be included a s  noise .  For so l a r  radio measurements, man-made i n t e r -  
ference,  t h e  antenna and receiver  noise,  the  ga l ac t i c  rad io  noise,  and 
the  r a d i o  noise  from the  e a r t h ' s  atmosphere would a l l  be included i n  the  
"noise" curve i n  f igu re  16. 
For example, t he  
If t h e  noise  l e v e l  i n  f igu re  16 were increased by a f ac to r  of 10, 
the  reported s ta r t  t i m e  would probably be delayed. 
de tec tor  response were highly var iab le  before the  f l a r e ,  t h e  reported 
If the  rad ia t ion  
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Figure 12, A comparison of times of maximum Ha f l a r e s  and 
solar  radio bursts with Explorer 33 X-ray 
enhancements. 
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Figure 13. A comparison of times of maximum solar radio 
bursts with OS0 3 X-ray enhancements. 
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-1 A comparison of s t a r t  times of IJO! f l a r e s  and 
solar  radio bu r s t s  with Explorer 33 s o f t  X-ray 
enhancements. When more than one fb or so la r  
radio s t a r t  time was reported, t he  s t a r t  time 
used was the e a r l i e s t  reported.  
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Figure 15. A comparison of start  times of so la r  rad io  bursts  w i t h  
OS0 3 X-ray enhancements. 
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Figure 1.6. Difficultieo in determining start, maximum, 
and end times. 
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s t a r t  time would probably be delayed to the  time when it was c l ea r  t h a t  
tile f l a r e  enhancement exceeded the  p re f l a re  osc i l l a t ions ,  or t he  data 
processor may use a l i n e a r  extrapolat ion back to t h e  average l e v e l  before 
the  f l a r e  (point  B i n  f igu re  16). 
a t  first a n d  &hen rapidly,  the start of the rapid r i s e  might be re- 
ported i f  the noise l e v e l  were high o r  if the da ta  were recorded on a 
l i nea r  sca le ;  on the  other  hand i f  the  noise l e v e l  were low and the  data 
were recorded on a loga r i tha i c  sca le ,  t h e  s t a r t  of t he  slow r i s e  might be 
reported a s  t h e  s t a r t  time f o r  t he  whole event. 
If the  f l a r e  enhancement r i s e s  slowly 
These are  some of t he  
problems i n  addi t ion  t o  t h e  r e l a t i v e l y  large timing e r ro r s  given i n  
t a b l e  1 fo r  the s o f t  X-rays which might be a f fec t ing  the  s tar t - t ime data 
used i n  t h i s  study. It i s  a l s o  d i f f i c u l t  t o  measure the  time of maximum 
radia t ion  of s o f t  X-ray enhancements because they a re  often ra ther  smooth 
and f l a t  tapped. Since t h e  so l a r  f l a r e  rad ia t ion  enhancements usual ly  
f i n i s h  with a slow asymptotic approach t o  the  p re f l a re  l eve l ,  t he  end 
time i s  i n d i s t i n c t .  Because of' t he  above d i f f i c u l t i e s ,  the  s t a r t - t o -  
maximum data  used i n  t h i s  study may give a r a the r  poor indicat ion of the  
r i s e  times oT m e  r i a r e  ennancernenz. u r i iu r t , u r i a i e iy ,  ~ l l ~ u ~ l I l q l r l u i l  ul bllc 
10-90 percent r i s e  time WELS not av8i lable .  
. , .  . .  $ 3  
Despite t h e  above problems i n  s ta r t - t ime data ,  I bel ieve the  t rend 
deduced f r o m f i g u r e s  14 and 1-5 i s  too  strong not t o  be va l id ,  i . e . , the  
measureable s t a r t  t i m e  f o r  s o f t  X-rays general ly  precedes t h a t  for the  
so la r  rad io  enhancements. The sevgral  events f o r  which copies of the  
so la r  r a d i o  and X-ray records were avai lable  showed t h e  same r e s u l t s .  
For example, f o r  t he  proton f l a r e  of J u l y  7, 1966, the s o f t  X-ray enhance 
ment (2-12 A )  had s t a r t e d  by 0023 UT (Van Allen, 1967) while t h e  so la r  
rad io  b u r s t s  i n  the  2OO-l7,OOO MHz range d i d  not start u n t i l  about 
0026 UT o r  h t e r .  
Figure 14 a l s o  ind ica tes  t h a t  on the  average the  Ha f l a r e  s t a r t s  a t  
about t he  same time or a l i t t l e  before the  s o f t  X-ray enhancement. The 
k~ s t a r t  t i m e s  used were t h e  e a r l i e s t  reported among the  repor t s  from 
severa l  d i f f e r e n t  abservator ies .  The idea was t h a t  the  e a r l i e s t  report  
probably corresponded t o  t h e  observatory having t h e  c l ea re s t  observing 
conditions; bu t  perhaps some of these ea r ly  reports  were the r e s u l t  of a 
data  proc*ssor*s bias toward picking the earliest  s t a r t i n g  time r a the r  
than of exce l l en t  seeing condltions, 
for t h e  r e p o r t s  of t he  various Ha observatories,  the  d i s t r ibu t ion  i s  
. .  
When an average start  t i m e  i s  used 
sh i f t ed  80 t h a t  t he  s t a r t  of the  s o f t  X-rays i s  a t  about t he  same time 
or a l i tS l e  hefore the  s t a r t  of t he  'Hcu f l a r e  on the  average. Since the  
percentage increase i n  Fl'a r ad ia t ion  from the  whole sun i s  very small 
during a f l a r e ,  Hcr observatians a re  not we l l  su i ted  fo r  automa.tic detec- 
%ion of s o l a r  f l a r e s .  Even if  the s p a t i a l  f i e l d  of view were e f f ec t ive ly  
decreased ( for  example with a r a s t e r  scan technique) i n  order t o  increase 
the  percentage I& enhancement, it would s t i l l  be d i f f i c u l t  t o  achieve the  
percentage increase observed a t  X-ray wavelengths. 
2.7 Comparison of Soft  X-Ray Enhancements 
and Extreme Ul t rav io le t  Flashes 
Thir teen EUV f l a r e s  abserved by Drs. L.A. Hal l  and H.E. Hinteregger 
of AFCRL with a spectrometer aboard OSO-3 were studied. My general  con- 
ciusion w a s  u a i  Liic U U V  ~ L L ~ ~ ~ ~  r y - L -  I..L1.- _ _ _  
hard X-ray abservations.  
times and peak e a r l i e r  than the  s o f t  X-rays, but the  nrV s t a r t  time lagged 
behind tbe s o f t  X-ray s t a r t  time, i n  seven out or e ight  cases f o r  which 
X-ray d a h  were a l s o  available. For 10 out of 13 cases, the reported 
s t a r t  t h e  of the centimeter-wavelength rad io  b u r s t  occurred before or a t  
t he  same time a s  the  s t a r t  of the  EW f l a s h .  Since the  percentage radia-  
t i o n  enhancement f o r  t he  whole sun seems t o  be smaller a t  EUV wavelengths 
than a t  centimeter wavelengths, so l a r  r ad io  measurements would probably 
be superior  t o  E W  measurements fo r  automatic f l a r e  detect ion,  unless 
the  EUV measurements used a r a s t e r  scan of t h e  sun. In  conclusion, there  
are few dkta ava i lab le  as yet on the EW emission of s o l a r  f l a r e s  and those 
that are ava i lab le  do not indicate  t h a t  E W  measurements would improve the 
' --- ------ ----L 1;lrfi  C h s  n e n f i m ~ f p r  yarJ in  and nl-r . _  
The EUV f lashes  tended t o  have f a s t e r  r i s e  
ea r ly  de-tection of solar f l a r e s .  
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One type of sudden ionospheric disturbance ca l led  sudden frequency 
deviations i s  p a r t l y  due to f lashes  of E W  radia t ion  ( Donnelly, 1967). 
Davies and Dmnelly (1966) found t h a t  on the  average, t he  s t a r t  of the 
SFD pseceded the  onset of the  explosive phase of t h e  Ha f l a r e  by about 
1.5 min. me explosive-phase da ta  used i n  th i s  study had been pro- 
cessed v i s u a l l y  a t  Lockheed Observatory. 
- 
Recently, Angle (1368) of Lockheed Observatory reprocessed t h e i r  
explosive-phase data using a "densichron" t o  measure the  JXY f lux  var ia-  
tions as  a funct ion of time. She found t h a t  t he  s t a r t  of the rap id- r i se  
phase determined from the densichron measurements preceded the  v i s u a l  
estimates on the  average by about 1 t o  1 .5  min. This means tha t  the start 
of SEJl's i s  about the same as the start of the rapid r i s e  of the Ha 
flare i f  the H a  da t a  are processed photoelectr ical ly .  
observers who did the  v i sua l  processing of t h e i r  f l a r e  p a t r o l  films are  
about the b e s t  i n  the  world, t h i s  a l s o  suggests t h a t  our eyes may deceive 
Since the Lockheed 
u s  more than was generally rea l ized .  Comparing the  s t a r t  time of SFD's 
with the start time reported for OXO-3 8-16 A X-ray events, I found t h a t  
_._. _ _  -"J- I_-_vI - >., bLLG uI'u UII i,ix average. nence, tne 
ind i r ec t  evieence of E W  flashes obtained from SED'S does not ind ica te  
t h a t  EUV measurements wsuld improve the  ea r ly  detect ion of so la r  f l a r e s .  
+ha y-noy.m 9 r -.2.- z-n- - , *  
2.8 Comparison of Soft  X-Rays and Hard X-Rays 
Hard X-ray enhancements (1 << 1 A )  tend t o  have f a s t e r  r i s e  times 
and peak e a r l i e r  than s o f t  X-ray enhancements ( h  2 2 A ) ,  much l i k e  the  
centimeter-wavelength burst. The VELA da ta  (Conner e t  al., 1964) ind ica te  
t h a t  hard X-ray measurements a r e  not as good as s o f t  X-ray measurements f o r  
t he  ea r ly  detect ion of f l a r e s  because the  X-ray emission f o r  some f l a r e s  
does not extend dawn to the  hard X-ray wavelengths. 
no de f in i t e  evidence t h a t  hard X-ray f l a r e s  occur without being accom- 
panied by a s o f t  X-ray enhancement. 
hard X-ray f l a r e  when no D-region SID's were reported,  although an SFD 
was observed over Africa.  
if the  s o f t  X-ray enhancement were s imi la r ly  impulsive the  D-region SID 
Conversely, there  i s  
DeJager (1967) has reported on one 
This hard X-ray f l a r e  was r a the r  impulsive and 
effecks may have been too  small and too  shor t  i n  duration t o  dis t inguish 
from $he noise normally present i n  these X I D  da ta .  
hard X-ray da ta  (Amoldy e t  ale,  1968 a and b) compared with Explorer 33 
(2-12 A )  data  da not ind ica te  t h a t  the s t a r t  time of hard X-rays i s  any 
e a r l i e r  than t h a t  f o r  so f t  X-rays. In  conclusion, no evidence t h a t  hard 
X-ray measurements would impro-Je the  ea r ly  de tec t ian  of solar  f l a r e s  was 
found.. Hard X-ray measurements would be important i f  the goal  were t o  
d e t e c t  so l a r  f l a r e s  having energet ic  nonthermal processes r a the r  than 
j u s t  de tec t ing  any so la r  f l a r e  of Ha importance 1 or grea ter .  
e t  a x d  (1968a) found t h a t  hard X-ray bu r s t s  preceded large e lec t ron  
events fo r  f l a r e s  located west; of the c e n t r a l  meridian; hence, hard X-ray 
measurements provide a warning of e lec t ron  events .  It is  too bad t h a t  
they do not provide a warning of the more dangerous proton events. 
The OGO I and 111 
Arnoldy 
3. FLARE ALARM XIMULATION 
Explorer 30 data  were studied using a computer program t o  simulate 
the planned s o f t  X-ray (1 - 8 A )  ATM alarm system t o  %ry to l ea rn  
hnw rn3-r-h A ~ l a ~ r  s f + n r  tho " ~ f i - o v - C h a - C o n C T r  ~t-1.t -ti-- Ch--m - - - o n  ..-.., LA*--.. Y I A  V I u .LL- "I. " ----  --.-- 
alarm detected the flare. These d a t a  were provided through the  courtesy 
of M r .  R.W. Kreplin of NRL and R.K. Olson of ESSA. The advantages of the 
Explorer 30 data  a r e  a s  follows: (1) very high time reso lu t ion ;  fo r  some 
events a measurement of the sun was made every 0.83 sec; 
i n t e n s i t y  reso lu t ion ;  (3) good ca l ibra t ion ;  (4)  low instrument noise; and 
and ( 5 )  several d i f f e r e n t  wavelength ranges, 0.5-3, 1-8, 8-16, and 
44-6Q $, m e  disadvantages a re :  (1) small dynamic range, ( 2 )  l i n e a r  
r a t h e r  than logarithmic recording of the data,  and (3) short  periods 
of observation, a b o u t 1 5  t o  20 min as the s a t e l l i t e  passed over the t e l e -  
(2)  high 
metry ground s t a t i o n .  Because of t he  short  period of observations, the 
beginning w a s  missed f o r  most of the f l a r e s  observed by Explorer 30. 
Because of t he  low dynamic range, t he  de tec tors  were of ten saturated,  
especially during a f l a r e  and sometimes even before the f l a r e  s t a r t ed .  
A s  a r e s u l t ,  very few of the  Explorer 30 observations were su i tab le  for  





l i s t s  some Explorer 30 data  which were studied t o  provide information on 
how var iab le  the X-ray measurements were when no f l a r e s  occurred. 
The ava i lab le  information on the  planned ATM f l a r e  alarm system 
was as  follows: 
the  1-8 
p r iva t e  communication), (2) t he  alarm would be s e t  off  i f  the  so f t  X-ray 
f l u x  exceeded a threshold l e v e l  s e t  by an as t ronaut ,  and (3) f i v e  thresh- 
o l d  l e v e l s  spaced s o  t h a t  each l e v e l  was four  times the flux r a t e  of 
the next lower l e v e l  would be avai lable  (ATM EXPT 23054, 1967, p 6-21). 
(According t o  a recent  communication from D r .  L.  Van Speybroeck of American 
Science and Engineering, the  threshold l e v e l  spacing has been revised 
from 4 times t o  about 1.45 t imes.)  
30 1-8 1 and 8-16 
t e c t o r  would abserve. In the  computer simulation s tudies ,  t he  f l u x  r a t e  
f o r  t he  lowest threshold l e v e l  was made a r b i t r a r i l y ;  only the  spacing 
between threshold l e v e l s  was r e a l l y  important for the  simulation study. 
Calculations were f i r s t  made fo r  one base threshold l e v e l  and then fo r  a 
(1) the  only rad ia t ion  measurements wou 
range ( D r .  L. Van Speybroeck, American Science and 
The time va r i a t ions  of the  Explorer 
observations should be s imilar  to what a 5-20 de- 
cepnnii 73-c- l o - r r o l  tc +--4n,-. &I,.,-. c:-,c - - - T . - ? .  
----+. - I-uI --,-+ " . I + . - . -  "LA- .LL.LU" Y U I L L X . .  
The r e s u l t s  of t h i s  simulation study indicated t h a t  t h e  four-times 
spacing of threshold l eve l s  was t o o  coarse because it resu l t ed  i n  the 
detected start time being too much l a t e r  than the  ac tua l  s t a r t  of the 
X-ray enhancement and s o l a r  rad io  b u r s t .  
a s  many threshold l e v e l s  did not provide a subs t an t i a l  improvement. 
revised spacing of 1.45 times looks good but  has not ye t  been studied i n  
d e t a i l . )  
made t o  determine the  optimum spacing of threshold l eve l s .  
The study indicated t h a t  twice 
(The 
Further study of ac tua l  X-ray and so la r  rad io  data should be 
Figure 17 shows the  s t a r t  of a f a i r l y  la rge  s o f t  X-ray and so la r  
rad io  bu r s t .  The small j i gg le s  i n  t he  s o f t  X-ray points  a r e  l a rge ly  due 
t o  sca l ing  and p l o t t i n g  e r r o r s .  
1753 t o  1756 UT, then increases a t  an increasing rate. 
da t a  seem t o  be b e t t e r  than the 8-16 A since t h e i r  percentage in -  
crease i s  much greater  than for the  8-16 k data .  
The X-ray flux increases slowly from 
The 1-8 
The s t a r t  times reported 
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Figure 17. S ta r t  of t he  X-ray and solar  radio 
b u r s t  for the  solar  f l a r e  of 1756 UT 
December 9, 1966. 
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i n  SGD for  t h e  r ad io  burs t  a t  10,700 MHz (1757.1 UT) ,  960 NHz (1759.4 UT) ,  
and 486 I4Hz (1800 UT) l ag  s ign i f i can t ly  behind the  X-ray s t a r t  time, 
Although t h e  a f te r - the- fac t  s t a r t  time reported fo r  1415 I$Kz and 606 lywz 
was 1756 UT, t he  rad io  enhancement a t  these frequencies would not have 
been detected by a real-t ime alarm system u n t i l  severa l  minutes l a t e r .  
The 2800, 4995,and 8800 BfHz data i n  f igure  17 a r e  a s  good-as the  1-8 
data for  detect ing the  ea r ly  s t a r t  of t h i s  f l a r e  i f  the  increase i n  X-rays 
from 1753 t o  1756 UT i s  t o o  slow or small t o  be ce r t a in  t h a t  a large 
f l a r e  would follow. Even if t h e  increase i n  X-rays from 17.53 t o  1756 UT 
were too slow t o  j u s t i f y  s t a r t i n g  high reso lu t ion  f l a r e  observations, it 
might s t i l l  be use fu l  for  t r igger ing  an alarm t o  warn the  astronauts  t h a t  
t he  X-ray f lux is  increasing. An X-ray alarm using a four-times spacing 
might not de tec t  t h i s  f l a r e  u n t i l  1757.2 UT f o r  1-8 A or u n t i l  about 
2800.7 UT fo r  t h e  8-16 A data .  
rap id- r i se  p a r t  of t h e  f l a r e .  
This l a t t e r  time would m i s s  much of the  
Basu and Cavington (1968) found t h a t  t he  i n i t i a l  growth of 2800 MHz 
bursts  has a time dependence given approximately by. 4! = c ' 8 .  
VI u t :  n-ray enhancemmt 8 s  ELL 2s ZiE iii2i.u bu r s t s  i n  r'lgure 17 exhib i t  
t h i s  time dependence. Indeed, t h e  s t a r t  of each of the  X-ray events i n  
table 2 has near ly  a I? time dependence. 
The start. 
- . -  
The lb f l a r e  of September 18, 1966, i s  an example where the  s t a r t  
time detected by the  simulated alarm system lagged severa l  minutes behind 
the  s tar t - t ime of t h e  solar-radio bu r s t s .  In addi t ion t o  t h e  problems 
of' the  coarse spacing of threshold l eve l s ,  there  was a problem i n  t h a t  
the  X-ray flux was decreasing before t h e  f l a r e .  
old level tha t  rose j u s t  above the f lux  l e v e l  sho r t ly  before the flare 
was not used t o  t r i g g e r  t he  f l a r e  alarm. 
showed a p re f l a re  slow decay followed by a slow r i s e .  
slow changes i n  flux l e v e l  should be monitored and t h a t  the  f l a r e  alarm 
l eve l  may need t o  be reset, sometimes a s  of ten a s  every 5 min. 
Consequently, t h e  thresh-  
Several other events a l s o  
This sham t h a t  
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The "af ter- the-fact"  X-ray s t a r t  times f o r  t he  events l i s t e d  i n  
table  2 occurred a t  about the  same time or sli. 
ported start times f o r  t he  rad io  bu r s t s ,  i n  ag 
i n  f igu res  1 4  and 15. 
than the  s o l a r  r ad io  data  a t  ind ica t ing  a gradual r i  
main bu r s t .  For p r a c t i c a l  purposes, i f  the  alarm has t o  be t r iggered by 
the  main r i s e  r a the r  than by the  e a r l i e r  slow r i s e ,  then the  2695 MHz, 
2800 MHz, and 4995 MHz data a r e  about a s  good t o  use a s  the  s o f t  X-rays. 
The X-ray measurements indicate  t h a t  1-8 a is  as  good or  b e t t e r  than the  
8-16 1 range and t h a t  both of these a re  b e t t e r  than t h e  44-60 A range fo r  
the automatic e a r l y  detect ion of a f l a r e .  
The X-ray measurements s 
The interference i n  s o f t  X-ray measurements from p a r t i c l e s  co l l id ing  
with t h e  s a t e l l i t e  was a minor problem fo r  t h e  data i n  t ab le  2 .  Such 
interference would be a non-neglible problem fo r  a f l a r e  alarm system 
using only X-ray measurements. Detectors sens i t ive  t o  the  p a r t i c l e s  but 
insens i t ive  t o  the  so la r  X-rays should be incorporated i n t o  the  X-ray 
alarms svstem t o  avoid f a l s e  alarms. Such a system would s t i l l  suf fer  
from reduced s e n s i t i v i t y  i n  p a r t i c l e  anomalies. This prdDiem mignt be 
a l l ev ia t ed  by a l s o  making centimeter-wavelength rad io  measurements with 
equipment having a s e n s i t i v i t y  comparable t o  present ground-based so la r  
rad io  rece ivers .  (The 297 MHz and 2000 M H z  ATM communications receivers  
appear t o  be a l i t t l e  too  insens i t ive  t o  do a good job of detect ing the  
s t a r t  of t h e  f l a r e . )  
although t h e  co l l i d ing  p a r t i c l e s  might not cause much rad io  noise d i r ec t ly ,  
i nd i r ec t  e f f e c t s  unknown t o  t h i s  author might severely reduce the  value of 
rad io  measurements when the  s a t e l l i t e  i s  passing through a p a r t i c l e  
anomaly. This matter should be studied fu r the r .  There probably e x i s t  
The qua l i f i ca t ion  "might" was included here because 
s a t e l l i t e  communications or telemetry data which could provide a d e f i n i t e  
answer t o  t h i s .  
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4. DISCUSSION 
4.1 Conclusions on Radiation Measurements f o r  a Flare  Alarm 
The conclusions of t h i s  study per t inent  t o  the  ea r ly  automatic detec- 
t i o n  of so l a r  f l a r e s  of HCY importance grea te r  than or e q u a l 1  a re  a s  
follows : 
1. Soft X-ray measurements are  po ten t i a l ly  about the  bes t  
measurements f o r  an alarm system f o r  the  ea r ly  detection 
of solar  f l a r e s .  Although hard X-rays, centimeter- 
wavelength solar-radio bu r s t s ,  and f l a shes  a t  ce r t a in  
E W  wavelengths usual ly  have f a s t e r  r i s e  times and 
peak e a r l i e r  than the  saft X-rays, t he  data avai lable  
t o  date  show t h a t  on the  average the  measurable 
s t a r t  time of t he  so f t  X-rays occurs e a r l i e r  than the  
s t a r t  times f o r  these other types of da ta .  The bes t  
wavelength range t o  use i s  not c l ea r ,  but it appears 
t h a t  data taken i n  the  1-8, 2-12, or 8-16 A range a re  
b e t t e r  than 44-bU ii or A < 1 i. Although t h e  "ai't.er- 
the-fact ' '  s t a r t  time w i l l  general ly  precede the  s t a r t  
time detected by a real-t ime alarm system, the  data 
s tudied i z i  s ec t ion  3 indicate  t h a t  t h e  alarm-detected 
start  t i m e  can be a s  ea r ly  or e a r l i e r  f o r  s o f t  X-rays 
than for  s o l a r  rad io  bu r s t s ,  providing t h e  alarm 
system i s  sens i t i ve  enough. 
The X-ray alarm system discussed i n  ATM Exp SO54 (1967) 
with a four-times spacing between threshold leve ls  i s  
t o o  coarse to assure the  ea r ly  detect ion of f l a r e s .  
(The revised spacing of 1.45 times should be much 
b e t t e r .  ) 
If the X-ray alarm is made more sens i t ive ,  the prob- 
l e m  of false alarms due t o  p a r t i c l e  interference and 
subf la res  will increase. The percenbage of X-ray en- 
hancements t h a t  a r e  accompanied by flares of H a  impor- 
tance g rea t e r  than or equal t o  1 is roughly inversely 
2. 
3 .  
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proport ional  t o  the  smallest  X-ray enhancement t h a t  can 
be detected by the  alarm system. 
t h a t  a simple threshold device could not avoid f a l s e  
alarms from subflares  i f  the threshold leve ls  were spaced 
c loser  than four times or 0.001 ergs see-' i n  t h e  
8-16 range. An alarm system t h a t  a l s o  takes  i n t o  
account t he  r a t e  of change of the  f l u x  should be used. 
Available information on extreme u l t r a v i o l e t  (EW) 
rad ia t ion  does not indicate  t h a t  l3UV measurements would 
improve the  alarm system. More E W  measurements should 
be made and the  p re f l a re  cha rac t e r i s t i c s  of these data  
should be studied i n  de t a i l .  The ava i lab le  da t a  indicate  
t h a t  E W  enhancements have charac te r i s  t i c s  ranging from 
being similar t o  the impulsive centimeter radio burs t s  
t o  resembling the slower s o f t  X-ray bursts ,  depending 
on the  wavelength observed. The percent f l a r e  enhance- 
m w t  of' KUV r aa i a t ion  is rriucii i e a s  L L l l  TG~- ;;ft Y, ?:--- J - -  
Figures 7 and 8 indicate  
4. 
5. Hard X-ray measurements would not improve an alarm 
system intended t o  de tec t  a l l  f l a r e s  of Kol importance 
1 or grea te r ,  bu t  would be valuable fo r  predict ing 
electron events.  
Solar rad io  measurements would not provide a remarkable 
improvement over a s o f t  X-ray alarm system operated a t  
its f u l l  po ten t i a l ,  but  it could provide about as  good 
an alarm a s  the s o f t  X-ray measurements. The ava i l -  
able  data suggest t h a t  measurements i n  the  2,000 t o  
5,000 MHz range would be bes t  from the  viewpoint of ea r ly  
detect ion and f o r  complete detect ion.  The addi t ion of 
centimeter rad io  measurements t o  an X-ray alarm system 
should provide the  following improvements: 
mation of a f l a r e ,  thereby providing more ce r t a in ty  
against  f a l s e  alarms; (b) redundancy, i n  case of mal- 
fwtction of t he  X-ray alarm system; (c ) .an  alarm l e s s  
6 .  
( a )  confir-  
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influenced by p a r t i c l e  interference;  (d) an e a r l i e r  
detect ior ,  of the start t i m e  f o r  a t  least a b o u t 1 0  
percent of the Hcr flares of importance 1 or  grea te r ;  
and (e>  an increase perhaps of about 10 percent i n  
the number of f l a r e s  detected.  
10 percent assumes the X-ray alarm system can d e t e c t  
increases i n  the 5-20 A rad ia t ion  of 0.002 ergs  cb-a 
sec-l  and f o r  a rad io  alarm system as sens i t i ve  as 
present  ground-based systems. For the less sens i t i ve  
X-ray alarm being planned, t h l s  value would be higher; 
and, conversely, f o r  a radio alarm system with less 
s e n s i t i v i t y ,  the value would be lower.) 
(This last  value of 
4 .2  Suggestions' f o r  Further Study 
There present ly  e x i s t s  a wealth of high q u a l i t y  recordings of soft 
X-ray and so la r  r ad io  data  f o r  f l a r e s  which were not ava i lab le  i n  time 
fnr +.he present  study. These data  should be used i n  f l a r e  alarm simula- 
t i on  s tud ie s  t o  evaluate ana impruvc  T 1 G i - C  232-2l &?signs. Problems aue 
t o  p a r t i c l e  in te r fe rence  and t h e  use of so l a r  r ad io  measurements to a l -  
l ev i a t e  these  problems should be studied f u r t h e r .  The use of an alarm 
sens i t ive  t o  t h e  time r a t e  of change of flux as wel l  as  the  f lux in t ens i ty  
should be s tudied.  Such a system might permit an increase i n  s e n s i t i v i t y  
f a r  the e a r l y  detect ion of f l a r e s  without increasing the  f a l s e  alarm r a t e .  
4 .3  Suggestions of Possible I n t e r e s t  t o  t h e  ATM Program 
The o r i g i n a l  purpose of t he  ASE X-ray alarm system seems t o  have 
been to automatically s t a r t  t he  f l a r e  mode of t he  ASE X-ray experiment on 
Am. 
astronaut w&s t o  notify him t h a t  the flare had started so  t h a t  he 
could center  t he  X-ray te lescope on the  X-ray f l a r e .  
alarm has seemingly been extended t o  function a s  a s t a r t  switch for the  
f l a r e  mode of seve ra l  of t h e  ATM experiments. 
made more sens i t i ve  i n  order t o  de tec t  t h e  start o f  the flare then  
Apparently, t he  only reason fo r  the  alarm and d isp lay  f o r  the 
The use of t h i s  
If the  f l a r e  alarm 5s 
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t h e  number of f a l s e  alarms w i l l  undoubtedly increase.  Since the  avai lable  
f i lm f o r  f l a r e  abservations var ies  from experiment to experiment, the  
numbel' of f a l s e  a l a r m  that  can be afforded va r i e s  among the experi-  
ments. Hence, d i f f e ren t  experiments need d i f f e ren t  threshold l eve l s  i n  
t h e  f l a r e  alarm system. 
When the  f l a r e  predict ions a re  very high, or  i f  
s ion  has been completed and no f l a r e  observations have been made, it would 
probably be des i rab le  t o  laaer  the  threshold l e v e l  used t o  t r i g g e r  a 
given experiment. Also, it might be desirable  t o  l e t  t he  ast ronaut  s e t  
an  alarm for himself t h a t  i s  more sens i t ive  than the  threshold l e v e l  
being used t o  t r i gge r  t h e  f l a r e  mode of the experiments i n  operation a t  
t h e  time. 
cord of t h e  X-ray flux over the pas t  two o r b i t s .  
simply allow him to put  current  X-ray flux measurements i n  perspective 
r a the r  than  having t o  rely on h i s  memory of the  Exposure Display Counter 
or I n t e n s i t y  Display Counter. 
It might be he lpfu l  t o  provide the  astronaut  with a char t  r e -  
This would quickly and 
It inight be of value t o  make the r a t e  a t  which da ta  are taken to be 
' *  - - ?  I- -L-LL LL- - - *A  -9 nhnnrrn snii +-he inrrpnsp of +,he s o f t  X-rav p u y v 1  ~IUILUL "V Y V Y I I  " & I _  ... --- -- - * 
f l u x  and/or s o l a r  r ad io  emission, r a the r  than having j u s t  a high-time 
r e so lu t ion  mode and a low time reso lu t ion  mode. This could reduce the  
problem of e a r l y  detect ion versus f a l s e  alarms from subflares  and it 
might cmserve  the data  f i lm .  When the  s o f t  X-ray flux s t a r t s  t o  in-  
crease slowly, it is hard t o  t e l l  whether a la rge  f l a r e  w i l l  follow or 
j u s t  a sub f l a re ;  but i f  t h e  f l a r e  i s  la rge ,  it would probably be nice t o  
have da ta  for t he  e a r l y  gradual r i s e  port ion a t  a higher r a t e  than the  
nonflare r a t e .  
not  be needed; and s ince the  f l a r e  could t u r n  out t o  be small, the  high 
r a t e  could waste much f i l m .  It should be possible  t o  solve this  problem 
w i t h  a da t a  r a t e  cont ro l led  by a combination of t h e  time rate-of-change 
and amount of increase of t he  X-ray flux. Such a system could provide 
very  high r a t e s  during t h e  rap id  onset of t he  f l a r e ,  moderate r a t e s  a t  
t h e  peak of t h e  radiation,and slow r a t e s  during the  slow decay. 
v 
Since the  r i s e  i s  gradual a very high r a t e  would probably 
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